To evaluate a Ni-43.5wt%Ti alloy as a new alloy for cast clasp, the fatigue properties of its castings were examined and compared with those of Co-Cr and Type IV Au alloys castings. The Ni-Ti alloy was cast into a phosphate-bonded investment mold using an argon-arc melting and pressure casting machine. The Ni-Ti alloy castings showed superelasticity in bending tests. Fatigue tests were carried out by an originally designed machine under bending in one direction on the cantilever at constant set deflection. The fatigue-proof of Ni-Ti alloy was more excellent than those of Co-Cr and Type IV Au alloys.
INTRODUCTION
When loaded beyond the proportional limit and unloaded, a Ni-43.5%Ti alloy reverts to its original underformed shape. The feature is termed superelasticity. In the previous paper1), a Ni-43.5%Ti alloy cast into the phosphate-bonded investment mold also showed superelasticity. This indicates that this alloy which is difficult to deform plastically, can be worked to optional shape and applied to the cast clasp with a good fit.
The clasp is subjected to small alternating force during mastification of approximately 300,000 flextures per year, whereas the greater stress is necessitated in removing restorations from the mouth or placing them in position probably amounts to less than 1,500 per year2) . If the clasp is repeatedly bent then it may fail at a low level of stress because of fatigue . Numerous studies have been reported on the fatigue properties of cast clasps3-13). The maximum undercuts for the Co-Cr and Type IV Au alloy Akers clasps have been recommended to be 0.25 and 0.50mm, respectively6,7,9).
The cast alloy with high elasticity and strong fatigue-proof is desired. In the present study the fatigue properties of Ni-43.5%Ti alloy castings with unusual mechanical characteristics are compared with those of Co-Cr and Type IV Au alloys castings.
MATERIALS AND METHODS
A Ni-43.5wt%Ti (Ni-48.5at%Ti) alloy was prepared by melting high purity nickel (99.97% pure) and titanium (99.7% pure) in a dental nonconsumable arc melting and casting machine* with a copper crucible in an inert atmosphree of argon. A dental Co-Cr alloy** and a Type IV Au alloy*** were used for comparison with the Ni-Ti alloy . Samples for microstructural observations were etched chemically with a mixture of nitric acid, hydrofluoric aicd, and water. A scanning electron microscope* was used to observe the fractured surface.
RESULTS
The representative force-deflection curves in bending tests are shown in Fig. 3(a) and  3(b) for specimens in the shape of round bar and clasp, respectively. Ni-43.5%Ti alloy castings in both shapes had no plastic deflection after bending at a deflection of 2.0mm. However, Co-Cr and Type IV Au alloys occurred plastic deflection after bending beyond the indicated deflection. The slope up to the proportional limit in round bar was smaller than that in clasp. show the results of fatigue tests. The axis of ordinate represents a set deflection at loading point. In Fig. 4 , the black, white and white with the arrow marks indicate the broken, deflected plasitcally beyond about 0.5mm and unbroken specimens, respectively. At a set deflection below 1.5mm, Ni-43.5%Ti alloy had excellent fatigueproof in comparison with Co-Cr and Type IV Au alloys. However, at a set deflection of 2.0mm, Ni-43.5%Ti alloy had lower fatigue-proof than the Type IV Au alloy for clasp shape. 5 shows optical micrographs of polished and etched specimens of three kinds of alloy castings. Ni-43.5%Ti and Type IV Au alloys had columnar grains and Co-Cr alloy had a dendritic structure. Fig. 6 shows scanning electron micrographs of typical fractured surfaces. All these fractured surfaces had striation-like patterns which are characteristic of fatigue fracture. DISCUSSION A few studies on fatigue propertise of Ni-Ti alloys have been reported14,15) However , in these studies, specimens of wrought Ni-Ti alloy were tested by repeating tensile stress. On the other hand, in a dental appliance, stress reversal is unlikely to occur and the structure will be stressed in one direction and allowed to return to zero in each cycle. Therefore, in the present study, specimens were clamped at one end and bent in one direction at a constant set deflection.
The set deflection was given more than the adequate undercuts for cast clasps, that is, 0.25mm in Co-Cr alloys and 0.50mm in Type IV Au alloys. Therefore, both Co-Cr and Type IV Au alloys have permanent deflection at a set deflection of above approximately 1.0mm. This permanent deflection tends to decrease the bracing and retention of clasp of these alloys. However, Ni-Ti alloy has hardly permanent deflection even at a set deflection beyond the proportional limit due to superelasticity as shown in Fig. 3 .
At a set deflection of 2.0mm, Ni-43.5%Ti alloy had apparently lower fatigue-proof than Type IV Au alloy for clasp shape. This is due to that the fatigue test machine has no sensor of the permanent deflection within about 0.5mm.
